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MEASURING FORMATION PRESSURES AND T H E  DEGREE O F  GAS DRAINAGE 
IN A LARGE COALBED GAS DRAINAGE F I E L D  
B y  Dav id  C. O y l e r l  and Paul B. stubbs2 
ABSTRACT 
The Bureau of Mines and Uni t ed  S t a t e s  S t e e l  Corp. a r e  conduc t ing  a  
j o i n t  p r o j e c t  t o  m o n i t o r  f o r m a t i o n  p r e s s u r e s  a t  a  l a r g e  (23-wel l )  c o a l -  
bed g a s  d r a i n a g e  f i e l d  n e a r  Oak Grove,  AL. Three  mon i to r  h o l e s  were 
d r i l l e d  i n  l a t e  1981, and p r e s s u r e  m o n i t o r i n g  began i n  December 1981. 
The Bureau of Mines d i r e c t  method was used  t o  o b t a i n  g a s  c o n t e n t  d a t a  
f rom c o r e s  t a k e n  i n  t h e  m o n i t o r  h o l e s .  Comparison of  t h e  1981 g a s  con- 
t e n t  d a t a  from t h e  m o n i t o r  h o l e s  w i t h  i n i t i a l  g a s  c o n t e n t  v a l u e s  o b t a i n -  
ed  from t h e  p r o d u c t i o n  w e l l s  i n  1977 i n d i c a t e s  a  50-pct r e d u c t i o n  i n  ad- 
s o r b e d  g a s  c o n t e n t  i n s i d e  t h e  p a t t e r n  and a  29-pct r e d u c t i o n  a t  one 
p o i n t  500 f t  o u t s i d e  t h e  p a t t e r n .  The combina t ion  of p r e s s u r e  and g a s  
c o n t e n t  d a t a  h a s  a l s o  a l lowed  a n  i n  s i t u  i s o t h e r m  c u r v e ,  r e l a t i n g  t h e  
f o r m a t i o n  p r e s s u r e  t o  a d s o r b e d  g a s  c o n t e n t ,  t o  be deve loped  f o r  t h e  a r e a  
of  t h e  p r o d u c t i o n  w e l l s .  From t h e  c u r r e n t  r a t e  of p r e s s u r e  d e c l i n e  
( 1  l b f / i n z  p e r  month) ,  t h e  obse rved  changes  i n  g a s  c o n t e n t ,  and t h e  i s o -  
therm c u r v e ,  i t  a p p e a r s  t h a t  most of t h e  e a r l y  g a s  p r o d u c t i o n  came from 
w i t h i n  t h e  p a t t e r n ,  b u t  s i n c e  1981 (and  p o s s i b l y  e a r l i e r )  most of  t h e  
g a s  produced h a s  been m i g r a t i n g  t o  t h e  w e l l s  from o u t s i d e  t h e  p a t t e r n  
a r e a .  
' ~ e c h a n i c a l  e n g i n e e r ,  P i t t s b u r g h  Resea rch  C e n t e r ,  Bureau of Mines, P i t t s b u r g h ,  PA. 
2 ~ s s o c i a t e  r e s e a r c h  c o n s u l t a n t ,  T e c h n i c a l  C e n t e r ,  Un i t ed  S t a t e s  S t e e l  Corp.,  Mon- 
r o e v i l l e ,  PA (now i n d e p e n d e n t  c o n s u l t a n t ,  Unconven t iona l  Energy Group, Expor t ,  PA). 
INTRODUCTION 
I n  t h e  l a t e  1970's  t h e  u s e  of hydrau- 
l i c a l l y  s t i m u l a t e d  v e r t i c a l  w e l l s  t o  
d r a i n  methane g a s  from coa lbeds  developed 
from a n  e x p e r i m e n t a l  t e c h n i q u e  t o  a  t ech-  
nology which is  now beg inn ing  t o  be used 
by bo th  t h e  c o a l  mining and t h e  natu-  
r a l  g a s  i n d u s t r i e s .  Work a t  t h e  Uni ted 
S t a t e s  S t e e l  (USS) Oak Grove Mine i n  
J e f f e r s o n  County, AL (1-2) -- , 3  Emerald Mine 
(3) i n  Greene County, PA, and a t  o t h e r  
l o c a t  i o n s ,  e s p e c i a l l y  i n  t h e  Western 
S t a t e s  ( 4 ) ,  h a s  shown t h a t  v e r t i c a l  bore- 
h o l e s  c a z  be d r i l l e d  t o  remove methane 
from c o a l b e d s ,  both  t o  d e c r e a s e  methane 
e m i s s i o n s  i n  mines and t o  produce methane 
a s  a  marke tab le  n a t u r a l  gas .  S e v e r a l  
p r o j e c t s  have r e c e n t l y  been i n i t i a t e d  t o  
d r i l l  v e r t i c a l  h o l e  p a t t e r n s  w i t h  bo th  
purposes  i n  mind, 
Both r e s e r v o i r  and v e n t i l a t i o n  engi-  
n e e r s  need t o  de te rmine  t h e  c o n d i t i o n s  
e x i s t i n g  i n  t h e  coalbed r e s e r v o i r ,  s o  
t h a t  t h e  p r o g r e s s  of d e p l e t i o n  of t h e  
r e s e r v o i r  can be moni tored,  and s o  t h a t  
i n t e l l i g e n t  d e c i s i o n s  concern ing  con t inu-  
i n g  g a s  p roduc t ion  and mining can be 
made. U n f o r t u n a t e l y ,  g e o p h y s i c a l  l o g g i n g  
t e c h n i q u e s  and many of t h e  p h y s i c a l  Sam- 
p l i n g  methods developed i n  t h e  o i l f i e l d  
t o  de te rmine  g a s  r e s e r v e s  a r e  g e n e r a l l y  
n o t  a p p l i c a b l e  t o  c o a l .  However, a  t ech-  
n i q u e  has  been developed t h a t  i s  a p p l i c a -  
b l e  t o  c o a l  and r e p l a c e s  t e c h n i q u e s  used 
i n  t h e  o i l f i e l d ,  Th i s  method u s e s  a  me- 
asurement  of t h e  o r i g i n a l  in -p lace  g a s  
c o n t e n t  o b t a i n e d  from t h e  Bureau of Mines 
d i r e c t  method t e s t  ( 5 ,  - - 7)  t o g e t h e r  w i t h  
c o a l  a d s o r p t i o n  i s o t h e r m  (8-10) -- d a t a ,  
e i t h e r  l a b o r a t o r y  o r  f i e l d ,  t o  r e l a t e  
p r e s s u r e s  i n  t h e  coalbed f r a c t u r e  sys tem 
t o  g a s  c o n t e n t .  The method assumes t h a t  
t h e  p r e s s u r e  and g a s  c o n t e n t  a r e  a t  equ i -  
l i b r i u m ;  t h i s  i s  n o t  complete ly  t r u e  i n  a  
producing r e s e r v o i r ,  but  t h e  e r r o r  from 
t h i s  assumption i s  r e l a t i v e l y  smal l .  
S e v e r a l  methods a r e  a v a i l a b l e  t o  d e t e r -  
mine t h e  f r a c t u r e  sys tem p r e s s u r e ,  which 
can t h e n  be r e l a t e d  t o  t h e  a d s o r p t i o n  
i s o t h e r m s  t o  g i v e  e s t i m a t e s  of t h e  abso- 
l u t e  in-place  g a s  c o n t e n t  of t h e  
coalbed.  
I n  t h e  l a t e  19701s ,  t h e  Bureau of Mines 
and USS e n t e r e d  i n t o  a  c o s t - s h a r i n g  
agreement t o  t e s t  t h e  t echn ique  of coa l -  
bed d e g a s i f i c a t i o n  from v e r t i c a l  bore- 
h o l e s  u s i n g  a  l a r g e  p a t t e r n  of w e l l s ,  I n  
l a t e  1977, 17 w e l l s  of a  planned 25-well 
p a t t e r n  a t  t h e  Oak Grove Mine i n  J e f f e r -  
son  County, AL, were completed,  By e a r l y  
1979 t h e  average  d a i l y  g a s  p r o d u c t i o n  f o r  
t h e  p a t t e r n  had exceeded 1  MMstdft3, dem- 
o n s t r a t i n g  t h e  e f f e c t i v e n e s s  of t h e  i m -  
proved t echn iques  developed d u r i n g  t h e  
p r o j e c t ,  S i x  more w e l l s  were d r i l l e d  i n  
t h e  summer of 1980, b r i n g i n g  t h e  t o t a l  t o  
23 w e l l s .  Wells 10 and 20 were never  
d r i l l e d .  
I n  l a t e  1981, t h e  Bureau and USS began 
a  p r o j e c t  t o  d r i l l  t h r e e  h o l e s  i n  t h e  
v i c i n i t y  of t h e  Oak Grove p a t t e r n  t o  mon- 
i t o r  p r e s s u r e  changes i n  t h e  coalbed 
caused by g a s  p roduc t ion ,  and t o  o b t a i n  
c o r e s  f o r  d e s o r p t i o n ,  s o  t h a t  t h e  cumula- 
t i v e  e f f e c t s  of g a s  p roduc t ion  cou ld  be 
determined.  The h o l e s  were completed i n  
t h e  f a l l  of 1981, and p r e s s u r e  moni to r ing  
began i n  December 1981. 
MONITOR HOLE DRILLING AND COMPLETION 
F i g u r e  1  shows t h e  l o c a t i o n  of t h e  
p r e s s u r e  moni tor  h o l e s  w i t h  r e s p e c t  t o  
t h e  p r o d u c t i o n  w e l l s ,  Holes ,  M1 and M2 
a r e  w i t h i n  t h e  a r e a  of t h e  d e g a s i f i c a t i o n  
w e l l  p a t t e r n ,  and M3 i s  500 f t  due west  
3 ~ n d e r l i n e d  numbers i n  p a r e n t h e s e s  re- 
f e r  t o  i t ems  i n  t h e  l i s t  of r e f e r e n c e s  a t  
t h e  end o f  this r e p o r t .  
of t h e  northwesternmost w e l l  i n  t h e  
p a t t e r n ,  
DRILLING 
The h o l e s  were f i r s t  d r i l l e d  a t  a  10- 
i n  d iamete r  t o  dep ths  between 50 and 60 
f t ,  where 7-in-OD s u r f a c e  c a s i n g  was s e t  
and cemented i n  p lace .  The h o l e s  were 
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FIGURE 1. - Map o f  moni to r  h o l e  and product ion  we l l  loca t ions .  
diameter to a point just below the upper 
bench of the Mary Lee coalbed (figs. 2-3) 
at about 1,060 to 1,080 ft, where 4- 
1/2-in-OD, 10.5-lb/ft casing was placed 
in each hole. The casing was then ce- 
mented in place using class A cement with 
18 pct salt. 
After the holes were cemented, a coring 
rig was used to core out the float shoe 
and bottomhole cement plug and to core to 
approximately 30 ft below the coal seam. 
The coal core was logged, photographed, 
and placed in air-tight canisters, so 
that the Bureau of Mines direct method 
test could be performed on all of the 
coal recovered from each hole. 
COMPLETION 
A geophysical log suite consisting of a 
gamma-ray, density, and caliper log was 
run in each hole after coring. The logs 
were run from total depth to surface, al- 
though only the gamma-ray log is useful 
in the cased portion of the hole. Gyro- 
scopic directional surveys were then run 
on each hole to determine the exact bot- 
tomhole locations in the coalbed. 
To ensure that the pressure instruments 
would see the true formation pressure and 
all changes in it, a notch was cut in the 
coalbed in each hole. The notch was de- 
signed to remove any coal that might have 
FIGURE 2. - Typical bottom hole assembly of 
monitor holes. 
had i t s  permeabi l i ty  reduced by cement o r  
d r i l l i n g  f l u i d s .  The notch was c u t  by 
running a t o o l  conta in ing  t h r e e  smal l  
(about  3/16-in-diam) p o r t s  on t h e  bottom 
of t h e  tub ing  t o  t h e  depth  of t h e  coal- 
bed. A s l u r r y  of sand and water  was t hen  
pumped down t h e  tub ing  and through t h e  
p o r t s ,  a t  p r e s su re s  of 2,500 t o  3,000 
l b f / i n 2 ( g a ) ,  t o  c r e a t e  a high-veloci ty  
je t  which abraded away t h e  f i r s t  6 t o  12 
i n  of t h e  c o a l  from t h e  wa l l  of t h e  hole .  
S ince  some sand had been used i n  t h e  
no tch ing  process ,  i t  was a l s o  necessary  
t o  f l u s h  ou t  t h e  h o l e s  w i th  water  a f t e r  
no tch ing  t o  remove t h e  sand. Af t e r  t h e  
no tch ing  had been completed, an add i t i on -  
a l  gamma-ray c a l i p e r  l o g  was run  i n  h o l e s  
M1 and M 3  t o  determine t h e  s i z e  and loca-  
t i o n  of t h e  no tches ,  and t o  ensure  t h a t  
t h e  packers  used l a t e r  were no t  s e t  i n  
t h e  notches.  This  l o g  was no t  run i n  
h o l e  M2 u n t i l  a f t e r  t h e  packer  had been 
s e t  i n  t h e  notch. A reproduct ion  of t h e  
geophys ica l  logs  ( i nc lud ing  t h e  d e n s i t y  
l o g  r u n  e a r l i e r )  is  shown i n  f i g u r e  3 . '  
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FIGURE 3. - Geophysical logs of monitor holes 
showing jet slotting cavities. 
A f t e r  no tch ing ,  t h e  tub ing  was removed 
from t h e  h o l e s  and r e r u n  wi th  two Lynes 
product ion- in jec t ion  packers4 on bottom 
t o  s t r a d d l e  and i s o l a t e  t h e  coalbed. The 
use  of t h e  packers  was pr imar i ly  a 
4 ~ e f e r e n c e  t o  s p e c i f i c  products  does 
n o t  imply endorsement by t h e  Bureau of 
Mines. 
p recau t i on ,  s i n c e  t h e  fo rmat ions  exposed 
i n  t h e  borehole  above and below t h e  coal-  
bed were impermeable s h a l e s  and f i r e  
c l a y s .  The packers  were set s imul tane-  
ous ly  by i n f l a t i n g  them wi th  wa t e r  i n -  
j e c t e d  through t h e  tubing.  A hand pump 
was used t o  e s t a b l i s h  a  p r e s s u r e  of be- 
tween 1,100 and 1,500 l b f / i n Z ( g a )  w i t h i n  
t h e  t ub ing  and t h e  packers ,  and a  check 
va lve  i n  each  packer  prevented them from 
d e f l a t i n g  when t h e  t ub ing  p r e s su re  was 
b l e d  down. (The packers  a r e  d e f l a t e d  by 
r o t a t i n g  and p u l l i n g  on t h e  tub ing . )  
A f t e r  t h e  t ub ing  p r e s s u r e  had been re- 
l i e v e d ,  a  1-in s t e e l  b a r  was run i n t o  t h e  
h o l e  on w i r e  rope  ( t h e  workover r i g  sand- 
l i n e )  t o  s h e a r  a  p i n  i n  a  Lynes model B 
c i r c u l a t i n g  s l e e v e  ( f i g .  2) between t h e  
packers .  Shear ing t h i s  p i n  opened p o r t s  
i n  t h e  s l e e v e  and allowed communication 
between t h e  coalbed and t h e  tubing.  
The f i r s t  packers  i n s t a l l e d  ( i n  M2) 
were i n f l a t e d  t o  1,400 ~ b f / i n ~ ( ~ a ) ,  a t  
which t i m e  t h e  lower packer  rup tured .  A 
c a l i p e r ,  gamma-ray l o g ,  run subsequen t l y ,  
i n d i c a t e d  t h a t  t h e  lower packer  had been 
s e t  i n  t h e  notched c a v i t y .  The packers  
were removed from t h e  h o l e ,  a  replacement 
was ob ta ined  f o r  t h e  one t h a t  had rup- 
t u r e d ,  and t hey  were t h e n  run  back i n  t h e  
ho l e  and s u c c e s s f u l l y  set. Had t h e  lower 
packer  been s e t  i n  a  p o r t i o n  of h o l e  t h a t  
was in-gauge o r  t o  a  p r e s su re  below 
1,400 l b f / i n 2 ( g a ) ,  no f a i l u r e  would have 
taken  place.  The i n c i d e n t  d i d  i n d i c a t e  
t h e  toughness of t h e  packers.  When 
packers  were t o  be s e t  i n  h o l e s  M1 and 
M3, c a l i p e r  gamma-ray l o g s  were run  t o  
check t h e  exac t  l o c a t i o n  of t h e  notched 
c a v i t y .  
As soon a s  t h e  s l e e v e  was opened, t h e  
wa t e r  i n  t h e  t ub ing  began t o  e n t e r  t h e  
coalbed,  and w i t h i n  48 h  t h e  h y d r o s t a t i c  
p r e s su re  i n  t h e  t ub ing  was w i t h i n  5  
~ b f / i n ~ ( ~ a )  of t h e  fo rmat ion  p r e s su re .  
PRESSURE SENSOR SYSTEM 
SENSOR UNIT 
P r e s s u r e  measurements were made u s i n g  a  
Lynes Sen t ry  p r e s s u r e  s e n s o r  i n s t a l l e d  i n  
each  hole.  Th is  t o o l  u se s  a  h e l i c a l -  
shaped bourdon t ube ,  connected by a  s h a f t  
t o  a  s a p p h i r e  d i s c  covered w i t h  a  p a t t e r n  
of sma l l  t r a n s p a r e n t  and opaque a r e a s .  
On one s i d e  of t h e  d i s k  i s  a  row of 
l i g h t - e m i t t i n g  d iodes ,  and on t h e  o t h e r  
i s  a  row of p h o t o s e n s i t i v e  diodes .  Rota- 
t i o n  of t h e  d i s k  caused by a  change i n  
p r e s s u r e  produces a  change i n  t h e  p a t t e r n  
of s i g n a l s  s e e n  i n  t h e  p h o t o s e n s i t i v e  d i -  
odes. Each p a t t e r n  r e p r e s e n t s  a  d i f f e r -  
e n t  p o s i t i o n  of t h e  bourdon t ube  and a  
d i f f e r e n t  p ressure .  Because t h e  d i s k  i s  
d i v i d e d  i n t o  500 i n d i v i d u a l  p a t t e r n s ,  t h e  
s e n s i t i v i t y  of t h e  t o o l  i s  l i m i t e d  t o  
11500, o r  0.2 p c t  of t h e  f u l l - s c a l e  read- 
ing .  For t h e  0-500 ~ b f / i n ~ ( ~ a )  s e n s o r s  
used i n  ho l e s  Ml-M3, t h i s  means t h a t  
p r e s s u r e s  can on ly  be d i s c r im ina t ed  t o  
w i t h i n  41 l b f I i n 2 .  The p r e s s u r e  s i g n a l  
and a  temperature  read ing  a r e  s e n t  up- 
h o l e  through a  7132-in-diameter armored 
s ing le -conduc tor  c a b l e ,  and a  computer a t  
t h e  s u r f a c e  conve r t s  t h e  s i g n a l  t o  a  
p r e s s u r e  reading.  Power f o r  t h e  t o o l  is  
s u p p l i e d  by t h e  s u r f a c e  u n i t  through t h e  
s i g n a l  c ab l e .  The Sen t ry  t o o l  i s  1.5 i n  
i n  OD by 37.75 i n  long  ( f i g .  4) and 
weighs about  15 l b .  
SURFACE UNIT 
The s u r f a c e  u n i t  i s  a  Lynes model DSK-2 
PIT d i g i t a l  s u r f a c e  r e c o r d e r  (DSR). The 
u n i t  can handle  s i g n a l s  from up t o  15 
ho les .  A t  Oak Grove, a  s i n g l e  c e n t r a l l y  
l o c a t e d  DSR is  be ing  used,  w i t h  s i g n a l s  
t r a n s m i t t e d  from each  ho l e  by c o a x i a l  
cab le .  The p r e s s u r e  d a t a  a r e  recorded 
every 8  h  and p r i n t e d  on a  paper t ape .  
Each read ing  i n c l u d e s  t h e  w e l l  number, a  
p r e s su re  read ing ,  a  temperature  r e ad ing  
( t h e  l a s t  two p r i n t e d  t w i c e ) ,  and a  t ime 
i n t e r v a l .  The t ime i n t e r v a l  i s  p r i n t e d  
i n  p l a c e  of a  t ime and d a t e ,  and t o  con- 
v e r t  i t  t o  a n  e x a c t  t ime and d a t e  bo th  
t h e  time of t h e  i n i t i a l  r e ad ing  and t h e  
i n t e r v a l  l e n g t h  must be known. The u n i t  
does no t  con t a in  b a t t e r i e s  and can  on ly  
o p e r a t e  on 120-V-ac power. Th i s  l a c k  of 
a  b a t t e r y  backup can be a  handicap i n  t h e  
even t  of a  power f a i l u r e .  
FIGURE 4. - Sentry unit being instal led in  moni- 
tor hole M3. 
To o b t a i n  t r u e  pressure  va lues ,  a cor- 
r e c t i o n  must be app l i ed  t o  t h e  DSR read- 
i ngs ,  s i n c e  t h e  senso r s  are a c t u a l l y  lo-  
ca t ed  s e v e r a l  f e e t  above t h e  coalbed 
( f i g .  2). The v e r t i c a l  d i s t a n c e  from t h e  
senso r  t o  t h e  c e n t e r  of t h e  coalbed (used 
a s  t h e  re ference  depth f o r  a l l  p r e s su re  
c a l c u l a t i o n s )  ranges from 10.2 t o  12.4 
f t .  The a d d i t i o n a l  pressure  added t o  t h e  
DSR readings i s  5 l b f / i n 2  i n  holes  M1 and 
M3 and 6 l b f / i n 2  i n  ho le  M2. 
PRESSURE SENSOR INSTALLATION AND 
WELLHEAD EQUIPMENT 
The senso r s  i n  t h e  monitor ho les  were 
run through t h e  tub ing  and suspended i n  
FIGURE 5. - Well head assembly. 
t h e  hole  ( f i g .  2) from a smal l  s t e e l  
clamp ( f i g .  5)  t i gh tened  around t h e  
cable.  The cab le  was run i n  t h e  holes  by 
g rav i ty .  
The remainder of t h e  wellhead assembly 
( f ig .  5) c o n s i s t s  of a 4-112-in tub ing  
head wi th  s l i p s  t o  hold 2-in tubing,  a 
t e e  above t h e  tub ing  bushed down f o r  in -  
s t a l l a t i o n  of a 318-in va lve  and a pres-  
s u r e  gauge, a packing gland t o  clamp 
around t h e  cab le  and s e a l  o f f  t h e  tub ing ,  
and a clamp t o  hold t h e  weight of t h e  
cable  and sensor.  The clamp r e s t s  upon 
t h e  top  of t h e  packing gland,  which car -  
r i e s  t h e  weight of t h e  c a b l e  and t h e  t o o l  
(about 120 l b ) .  
RESULTS 
GAS CONTENT 
Table  1 shows t h e  g a s  c o n t e n t  d a t a  f o r  
t h e  c o r e s  ob ta ined  i n  moni tor  h o l e s  M1, 
M2, and M3. The c o r e  from e a c h  h o l e  was 
d i v i d e d  i n t o  f o u r  samples ,  each  of which 
was p l a c e d  i n  a s e p a r a t e  d e s o r p t i o n  can- 
i s t e r .  A g a s  c o n t e n t  measurement was 
made on each  sample u s i n g  t h e  s t a n d a r d  
Bureau of Mines d i r e c t  method. Because 
t h e  samples  were s p l i t ,  w i t h  p o r t i o n s  be- 
i n g  s e n t  f o r  p e t r o g r a p h i c  a n a l y s i s ,  on ly  
abou t  one- th i rd  t o  one-four th  of each  
sample was a v a i l a b l e  f o r  u s e  i n  determin-  
i n g  t h e  r e s i d u a l  g a s  c o n t e n t .  The r e s i d -  
u a l  gas  c o n t e n t  i s  t h a t  p o r t i o n  of t h e  
g a s  which ( a t  1 atm p r e s s u r e )  i s  n o t  
g i v e n  o f f  u n t i l  t h e  c o a l  i s  c rushed  t o  a 
f i n e  powder. I n  t h i s  c a s e ,  t h e  r e s i d u a l  
g a s  c o n t e n t  was determined f o r  t h e  smal- 
l e r  p o r t i o n ,  and i t  was assumed t h a t  t h e  
v a l u e  t h u s  o b t a i n e d  was r e p r e s e n t a t i v e  of 
t h e  e n t i r e  sample. To b e t t e r  e n s u r e  t h a t  
t h i s  was t h e  c a s e ,  t h e  o r i g i n a l  c o r e s  had 
been c rushed  t o  118-in d i a m e t e r  a f t e r  t h e  
d e s o r p t i o n  p r o c e s s  was completed,  and t h e  
TABLE 1. - Gas c o n t e n t  d e t e r m i n a t i o n  f o r  moni tor  h o l e s  
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 he r e s i d u a l  g a s  was measured f o r  on ly  t h i s  p o r t i o n  of t h e  e n t i r e  sample. 
 his g a s  came from c r u s h i n g  t h e  p a r t  of t h e  e n t i r e  sample i n d i c a t e d  i n  t h e  column 
l a b e l e d  "Residual  g a s  por t ion . "  
3 ~ h e  sum of t h e  l o s t  and desorbed g a s  c o n t e n t  and t h e  r e s i d u a l  g a s  c o n t e n t .  
4 ~ o m p u t e d  from t o t a l s .  
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samples r i f f l e - s p l i t  t o  o b t a i n  t h e  por- 
t i o n  used f o r  t h e  r e s i d u a l  g a s  determina- 
t i o n .  The r e s i d u a l  gas  con t en t  f o r  each  
sample was computed on a  cm3Ig b a s i s  by 
d i v i d i n g  t h e  r e s i d u a l  g a s  volume (cm3) by 
t h e  weight  of each  r e s i d u a l  gas  sample 
( g ) .  The lost-and-desorbed ga s  con t en t  
was s i m i l a r l y  determined f o r  each sample 
by d i v i d i n g  t h e  lost-and-desorbed ga s  
volume (cm3) f o r  each  sample by t h e  en- 
t i r e  sample weight.  The sum of t h e  re -  
s i d u a l  and lost-and-desorbed g a s  c o n t e n t s  
f o r  a  s i n g l e  sample (bo th  i n  cm3Ig) gave 
t h e  t o t a l  g a s  con t en t  of t h a t  sample. 
To o b t a i n  t h e  g a s  con t en t  of t h e  e n t i r e  
coa lbed  i n  each h o l e ,  a l l  f o u r  sample 
weigh ts  and gas  volumes (bo t h  l o s t -  
and-desorbed and r e s i d u a l )  f o r  each h o l e  
were summed t o  g i v e  t h e  t o t a l  weight of 
t h e  e n t i r e  sample i n  t h a t  h o l e ,  t h e  t o t a l  
weight  of t h e  r e s i d u a l  g a s  sample f o r  t h e  
h o l e ,  t h e  t o t a l  10s t-and-desorbed gas  
volume f o r  t h e  h o l e ,  and t h e  t o t a l  r e s i d -  
u a l  g a s  volume f o r  t h e  ho le .  The same 
methods used e a r l i e r  i n  de te rmin ing  t h e  
g a s  c o n t e n t s  of i n d i v i d u a l  samples were 
t h e n  used t o  determine t h e  lost-and- 
desorbed and r e s i d u a l  gas  c o n t e n t s  f o r  
t h e  e n t i r e  coalbed a t  each ho l e  ( i n  
cm3Ig). These two va lue s  were t h e n  added 
t o  g i v e  t h e  t o t a l  g a s  con t en t  of - t h e  
coa lbed  a t  each ho l e  ( t a b l e  2 ) .  The 
t o t a l  gas  c o n t e n t s  of h o l e s  M 1 ,  M2, and 
M3 were, r e s p e c t i v e l y ,  7.6, 6.6, and 10.9 
cm3Ig (244, 211, and 350 f t 3 / s t ) .  
To determine t h e  r e d u c t i o n  i n  ga s  con- 
t e n t  caused by d e g a s i f i c a t i o n ,  i n i t i a l  
g a s  con t en t  va lue s  f o r  t h e  Oak Grove pa t -  
t e r n  were requ i red .  The o r i g i n a l  d r i l l -  
i n g  program i n  1977 inc luded  c o r i n g  and 
d i r e c t  method g a s  con t en t  de t e rmina t i ons  
f o r  s i x  of t h e  wel l s .  Table  2  shows t h e  
r e s u l t i n g  ga s  con t en t  va lue s  and t h e  i n i -  
t i a l  fo rmat ion  p r e s su re s  determined f o r  
t h o s e  we l l s .  The p r e s s u r e s  were ob t a ined  
from s t a b i l i z e d  wa t e r  l e v e l s  measured i n  
t h e  w e l l s  i n  1977 p r i o r  t o  t h e  s t a r t  of 
g a s  product ion.  
The a r i t h m e t i c  mean of t h e  gas  con t en t  
v a l u e s  i n  t h e  w e l l s  ad j acen t  t o  each  
p r e s s u r e  moni tor  ho l e  have been used t o  
g i v e  e s t i m a t e s  of 14.5, 14.9, and 15.3 
cm3Ig (465, 477, and 490 f t 3 / s t )  f o r  t h e  
o r i g i n a l  g a s  c o n t e n t s  a t  each of t h e  mon- 
i t o r  h o l e  l o c a t i o n s .  The gas  con t en t  
va lue s  ob ta ined  from t h e  moni tor  h o l e s  
were 7.6, 6.6, and 10.9 crn3lg (244, 211, 
and 349 f  t 3 / s t )  from h o l e s  M l  , M2, and 
M3, r e s p e c t i v e l y .  The d a t a  i n d i c a t e  t h a t  
over  a  4-year per iod  of d e g a s i f i c a t i o n  
t h e  r e d u c t i o n s  i n  adsorbed ga s  c o n t e n t  a t  
t h e  moni tor  h o l e  s i t e s  were 48, 56,  and 
29 p c t  ( t a b l e  3 ) ,  o r  roughly a  50-pct de- 
c r e a s e  i n  ga s  con t en t  w i t h i n  t h e  p a t t e r n  
a r e a  and a  25- t o  30-pct dec r ea se  a s  f a r  
a s  500 f t  away from t h e  o u t s i d e  boundary 
of t h e  p a t  t e rn .  
TABLE 2. - Gas con t en t  va lue s  and 
fo rmat ion  p r e s s u r e s  measured a t  
t ime of ga s  c o n t e n t  de t e rw ina t i on  
I Gas con t en t  
va lue s  
Sample 
l o c a t i o n  I t o r y  I mated 
I mea- l i n  s i t u ,  
Formation 
p r e s s u r e ,  
l b f / i n 2  (ga)  
1 sured ,  I f t 3 / s t  I 
desorbed 
c o r e  l . . . . . I 0.0 1 
Completely 
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Well 15.... 
Well 25.... 
TABLE 3. - Est imated coalbed g a s  con- 










' ~ t  1 atm a b s o l u t e  p  
l ~ a s  p roduc t ion  from 10177 through i o / 8 i .  
The gas  con t en t  r educ t i ons  observed 
could be caused by u n c e r t a i n t y  i n  t h e  ga s  
con t en t  measurements. There a r e  two po- 
t e n t i a l  sou rce s  of u n c e r t a i n t y .  The 






Gas c o n t e n t ,  cm3/g: 
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Reduction (10177-10/81) 
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t h e  second i s  p o s s i b l e  v a r i a t i o n  i n  t h e  
a c t u a l  g a s  c o n t e n t  of t h e  coalbed from 
p o i n t  t o  p o i n t .  To d a t e  no e s t i m a t e s  
have been p u b l i s h e d  of t h e  d e g r e e  of e r -  
r o r  t o  be expec ted  i n  a  d i r e c t  method me- 
asurement ,  s o  a n  e s t i m a t e  of t h e  d i r e c t  
method u n c e r t a i n t y  h a s  n o t  been a t t e m p t e d  
here .  However, t h e  1977 and 1981 d i r e c t  
method measurements were made i n  t h e  same 
manner and shou ld  have t h e  same d e g r e e  of 
u n c e r t a i n t y .  Also,  s i n c e  t h e  two s e t s  of 
samples  were t a k e n  from t h e  same a r e a  of 
t h e  same coa lbed ,  t h e  v a r i a t i o n s  t o  be 
e x p e c t e d  i n  g a s  c o n t e n t  measurements due 
t o  a c t u a l  v a r i a t i o n s  i n  gas  c o n t e n t  
s h o u l d  be s i m i l a r .  It i s  t h e n  a n t i c i -  
p a t e d  t h a t  i f  a  measure of t h e  u n c e r t a i n -  
t y  of t h e  d i r e c t  method measurements 
c o u l d  be found f o r  e i t h e r  s e t  of samples ,  
i t  cou ld  be a p p l i e d  t o  bo th  t h e  1981 and 
t h e  1977 g a s  c o n t e n t s .  F o r t u n a t e l y ,  t h e  
1977 gas  c o n t e n t  v a l u e s  r e p r e s e n t  t h e  
c o a l b e d  a t  one c o n d i t i o n ,  t h a t  i s ,  b e f o r e  
any d e g a s i f i c a t i o n  had t a k e n  p lace .  Th is  
sample of s i x  g a s  c o n t e n t  v a l u e s  may t h e n  
be  used  t o  o b t a i n  a  s t a t i s t i c a l  e s t i m a t e  
of t h e  v a r i a t i o n  of t h e  Oak Grove g a s  
c o n t e n t  measurements. The mean g a s  con- 
t e n t  i n  t h e  s i x  h o l e s  i s  15.0 cm3Ig w i t h  
a  s t a n d a r d  d e v i a t i o n  of 0.777 cm3Ig, in -  
d i c a t i n g  t h a t  t h e  t r u e  o r i g i n a l  g a s  con- 
t e n t  o f  t h e  coa lbed  a t  Oak Grove h a s  a  
95-pct p r o b a b i l i t y  of be ing  between 16.6 
and 13.4 cm3/g ( w i t h i n  two s t a n d a r d  dev i -  
a t i o n s  of 15.0 cm3Ig). I f  t h e  same s t a n -  
d a r d  d e v i a t i o n  i s  a p p l i e d  t o  h o l e  M 3 ,  
t h e n  t h e  g a s  c o n t e n t  a t  t h a t  l o c a t i o n  i n  
1981 h a s  a  95-pct p r o b a b i l i t y  of be ing  
between 12.5 and 9.3 cm3Ig. Th is  analy-  
s i s  shows t h a t  t h e r e  i s  a  95-pct proba- 
b i l i t y  t h a t  t h e  g a s  c o n t e n t  recorded i n  
h o l e  M 3  r e p r e s e n t s  a  r e d u c t i o n  i n  t h e  g a s  
c o n t e n t  of t h e  coa lbed  a t  t h a t  l o c a t i o n  
of between 7  and 44 pc t .  S i m i l a r  ana ly -  
s e s  c a n  be made f o r  h o l e s  M1 and M2. 
It h a s  been assumed h e r e  t h a t  t h e  ad- 
so rbed  g a s  c o n t e n t  v a l u e s  above r e p r e s e n t  
t h e  t o t a l  g a s  c o n t e n t  of t h e  coalbed.  
However, t h i s  need n o t  be t h e  case .  It 
i s  p o s s i b l e  f o r  g a s  t o  e x i s t  a s  f r e e  g a s  
i n  t h e  f r a c t u r e  sys tem of t h e  coalbed.  
Most of t h i s  g a s  would be l o s t  d u r i n g  any 
c o r i n g  o p e r a t i o n  and would n o t  be mea- 
s u r e d ,  g i v i n g  a n  e r r o n e o u s l y  low coa lbed  
g a s  c o n t e n t  f i g u r e .  Th i s  problem e x i s t s  
bo th  f o r  t h e  i n i t i a l  measurements and f o r  
t h o s e  made i n  t h e  moni to r  h o l e s .  How- 
e v e r ,  i t  is  p o t e n t i a l l y  more s e r i o u s  i n  
t h e  c a s e  of t h e  moni to r  h o l e s ,  s i n c e  i t  
i s  p o s s i b l e  t h a t  a  l a r g e r  f r a c t i o n  of t h e  
desorbed g a s  cou ld  be h e l d  i n  t h e  f r a c -  
t u r e  system, r e p l a c i n g  t h e  wa te r  o r i g i -  
n a l l y  p r e s e n t  i n  t h e  format ion.  
To o b t a i n  a n  e s t i m a t e  of t h e  e r r o r  i n  
t h e  g a s  c o n t e n t  measurement t h a t  c o u l d  be 
caused by replacement  of fo rmat ion  w a t e r  
by g a s ,  assume t h a t  a l l  of  t h e  w a t e r  i n  
t h e  f r a c t u r e  p o r o s i t y  of a  p a r t i c u l a r  
volume of c o a l  i s  d i s p l a c e d  by g a s  i n  t h e  
c o u r s e  of w a t e r  and g a s  p roduc t ion .  Also 
assume a  f r a c t u r e  p o r o s i t y  of 5  p c t  ( a  
v a l u e  chosen t o  be a s  h i g h  a s  o r  h i g h e r  
t h a n  common e s t i m a t e s  of c o a l  f r a c t u r e  
p o r o s i t i e s )  and a  coa lbed  bu lk  d e n s i t y  of 
1.32 g/cm3, a  f i g u r e  o b t a i n e d  from den- 
s i t y  l o g s  run  i n  t h e  moni to r  h o l e s .  I n  
t a b l e  4 ,  t h e  maximum f r a c t u r e  sys tem g a s  
s t o r a g e  h a s  been c a l c u l a t e d  f o r  t h e  v i -  
c i n i t i e s  of h o l e s  M1, M2, and M3. The 
c a l c u l a t i o n s  i n d i c a t e  t h a t  t h e  t o t a l  e r -  
r o r  from t h i s  cause  would be no h i g h e r  
t h a n  8 t o  11  p c t .  The e r r o r  i s  s e n s i t i v e  
t o  changes i n  t h e  f o r m a t i o n  p r e s s u r e  and 
t o t a l  c u r r e n t  g a s  c o n t e n t ,  s i n c e  t h e  
h i g h e r  t h e  p r e s s u r e  o r  t h e  lower  t h e  g a s  
c o n t e n t ,  t h e  l a r g e r  t h e  p r o p o r t i o n  of t h e  
t o t a l  g a s  c o n t e n t  t h a t  cou ld  p o t e n t i a l l y  
be h e l d  i n  t h e  f r a c t u r e  system. The c a l -  
c u l a t i o n s  i n  t a b l e  4  assume a  r e a s o n a b l e ,  
bu t  f a i r l y  h i g h ,  p o r o s i t y  and probably  
an unreasonably  h igh  change i n  w a t e r  s a t -  
u r a t i o n  (from 100 t o  0  p c t ) .  Taking 
t h e s e  f a c t o r s  i n t o  a c c o u n t ,  i t  i s  reason-  
a b l e  t o  s t a t e  t h a t  f r a c t u r e  sys tem g a s  
s t o r a g e  w i l l  n o t  c a u s e  s e r i o u s  e r r o r s  i n  
g a s  c o n t e n t  e s t i m a t e s .  
The gas  c o n t e n t  i n f o r m a t i o n  from t h e  
p a t t e r n  w e l l s  and t h e  moni to r  h o l e s  was 
used t o  c a l c u l a t e  t h e  q u a n t i t y  of gas  
removed from t h e  p a t t e r n  through November 
1981. T h i s  c a l c u l a t e d  v a l u e  was t h e n  
compared t o  t h e  a c t u a l  g a s  p roduc t ion  
f i g u r e s .  Because t h e  a v a i l a b l e  d a t a  a r e  
s o  l i m i t e d ,  a  s e t  of r a t h e r  rough assump- 
t i o n s  have been made: 
1. The o r i g i n a l  in -p lace  gas  c o n t e n t  
was 15  crn3lg (480 f t 3 / s t ) .  
2. The average  g a s  c o n t e n t  w i t h i n  t h e  
a r e a  of t h e  p a t t e r n  ( f i g .  6 )  i n  November 
1981 was 7.1 cm3Ig (227 f t 3 / t o n ) ,  based 
TABLE 4. - E r r o r  i n  d i r e c t  method gas  conten t  measurement 
caused by change i n  f r a c t u r e  system gas  s a t u r a t i o n 1  
Gas i n  f r a c t u r e s :  I I I 
Adsorbed gas  content :  
Mass bas i s . .  ................. . ~ m ~ / ~ .  . 
Volume b a s i s 2  p 3 . .  .................... 
Formation pressure. .  ..... . l b f / i n 2  (ga)  .. 
Gas volume i n  f r a c t u r e s 2  p 4 . .  ........... 
A s  p c t  of o r i g i n a l  in -p lace  gas  5 . .  ... ( 4 1 4 1 8 - 
A s  pc t  of c u r r e n t  in-place gas....... I 8 1 9 1 11 






100 pct .  
2 ~ o l u m e  of gas  (STP) per  volume of coal .  
3 ~ a s e d  upon a c o a l  d e n s i t y  of 1.32 g/cm3. 
4Assuming a 5-pct c o a l  f r a c t u r e  system po ros i t y .  
5 ~ a s e d  upon an o r i g i n a l  adsorbed gas  conten t  of 15 
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FIGURE 6. - Pattern area and estimated area of gas drainage. 
upon t h e  average  of t h e  ga s  con t en t  val-  
u e s  a t  h o l e s  M1 and M2. 
3. The average  ga s  con t en t  i n  a  block 
of c o a l  from t h e  o u t s i d e  edge of t h e  pa t -  
t e r n  t o  500 f t  away from t h e  p a t t e r n  was 
11 crn3lg (352 f t 3 / s t ) ,  based upon t h e  g a s  
con t en t  a t  h o l e  M3. 
4. No deso rp t i on  of gas  took p l ace  
o u t s i d e  t h e  two prev ious ly  mentioned 
b locks  of c o a l  ( f i g .  6) .  
5. The c o a l  d e n s i t y  i s  1.32 g/cm3. 
6. The average c o a l  t h i cknes s  i s  66 
in .  
Based upon t h e s e  assumptions,  t h e  c a l -  
c u l a t e d  r educ t i on  i n  ga s  con t en t  was 980 
MMstdft3, of which 860 MMstdft3 came from 
w i t h i n  t h e  p a t t e r n  and 120 MMstdft3 came 
from t h e  a r e a  o u t s i d e  of t h e  pa t t e rn .  
The a c t u a l  ga s  p roduc t ion  through Octo- 
b e r  1981 was 1,110 MMstdf t3. The ca lcu-  
l a t e d  ga s  p roduc t ion  i s  about  12 p c t  low- 
er  t han  t h e  a c t u a l  ga s  production. 
PRESSURE DATA 
The p re s su re  d e c l i n e  curves  f o r  h o l e s  
M1-M3 have been p l o t t e d  i n  f i g u r e  7  f o r  
t h e  per iod  December 7, 1981, through 
June  30, 1984 ( a  t o t a l  of 937 days).  
These p r e s su re s  have been c o r r e c t e d  f o r  
t h e  d i s t a n c e  from t h e  c e n t e r  of t h e  coa l -  
bed t o  t h e  p r e s s u r e  sensors .  This  por- 
t i o n  of t h e  h o l e  i s  wate r  f i l l e d ,  s o  t h e  
c o r r e c t i o n  i s  j u s t  t h e  p r e s su re  of t h e  
w a t e r  column. The i n i t i a l  s t a b i l i z e d  
p r e s s u r e s  recorded i n  h o l e s  bl ,  M2, and 
M3 were 122, 112, and 247 ~ b f / i n ~ ( ~ a )  re- 
s p e c t i v e l y .  The i n i t i a l  p r e s s u r e  de- 
c l i n e s  were about  4.5 t o  7.5 l b f / i n 2  pe r  
month i n  h o l e  M3 and 2.1 t o  2.9 l b f / i n 2  
p e r  month i n  h o l e s  M 1  and M2. By l a t e  
1982, t h e  r a t e s  had been reduced t o  about  
1 l b f / i n 2  pe r  month i n  h o l e s  M 1  and M2, 
and t o  2  l b f / i n 2  pe r  month i n  h o l e  M3. 
The probable  reason  f o r  t h i s  is  t h a t  ga s  
and water produc t ion  from t h e  p a t t e r n ,  
which had been d e l i b e r a t e l y  c u r t a i l e d  i n  
mid-1981, were a b r u p t l y  i nc r ea sed  i n  l a t e  
1981 t o  begin ga s  s a l e s .  Gas produc t ion  
s h a r p l y  i nc r ea sed  i n  Novem7)er 198 1 and 
peaked i n  May 1982. Monthly wa te r  pro- 
duc t i on ,  which h i t  a  3-year low of 
119,000 g a l  i n  October 1981, i nc r ea sed  t o  
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FIGURE 7. - Pressure dec l ine curves for moni- 
tor holes MI ,  M2, and M3. 
345,000 g a l  i n  November 1981 and peaked 
a t  346,000 g a l  i n  December 1981. These 
l a r g e  produc t ion  changes caused a l a r g e  
t r a n s i e n t  change i n  fo rmat ion  pressure .  
Although i t  was no t  p o s s i b l e  t o  i n s t a l l  
p ressure-moni tor ing  equipment soon enough 
t o  see t h e  beginning of t h i s  t r a n s i e n t ,  
i t  appears  t h a t  t h e  r a t e  of change i n  
format ion p r e s s u r e  was a f f e c t e d  w e l l  i n t o  
1982 by t h e  l a r g e  produc t ion  changes. It 
can  be assumed t h a t  t h e  r a t e s  of p r e s s u r e  
d e c l i n e  observed i n  t h e  monitor  ho l e s  i n  
1983 probably more c l o s e l y  r e p r e s e n t  t h e  
normal p r e s s u r e  d e c l i n e  a t  t h e  Oak Grove 
s i t e  f o r  s t a b l e  ga s  and wate r  p roduc t ion  
r a t e s .  
Two problems d i scovered  i n  l a t e  1982 
make u s e  of t h e  p r e s s u r e  d a t a  d i f f i c u l t .  
The f i r s t  i s  t h a t  t h e  s e n s o r s  i n  h o l e s  M 1  
and M2 ( b u t  no t  h o l e  M3) were o r i g i n a l l y  
set d i r e c t l y  upon t h e  t o p s  of t h e  pack- 
ers, caus ing  a  metal- to-metal  c o n t a c t  
which may have s e a l e d  o f f  t h e  t ub ing  from 
t h e  coalbed and prevented t h e  t ransmis -  
s i o n  of p r e s s u r e  changes t o  t h e  sensors .  
These s e a l s  were not  complete s i n c e  some 
p re s su re  changes were observed, bu t  a  
p a r t i a l  s e a l  may have been s u f f i c i e n t  t o  
cause  smal l  e r r o r s  o r  a  l a g  i n  t h e  pres -  
s u r e  readings.  The magnitudes of t h e s e  
e r r o r s  a r e  no t  known f o r  c e r t a i n ,  and t h e  
e r r o r s  may no t  have remained c o n s t a n t l y  
a t  t h e  same magnitude. For example, t h e  
s e n s o r  i n  h o l e  M2 was removed on Apri l -  
27, 1982 (day 142) and r e i n s t a l l e d  on 
May 1 (day 146) w i t h  no p re s su re  change, 
b u t  when t h e  s enso r  was permanently 
r a i s e d  on October 7  (day 305) t o  ensu re  
t h a t  t h e  t ub ing  was no t  s e a l e d ,  t h e  pres-  
s u r e  dropped by 16 l b f  / i n 2 .  The p r e s s u r e  
drop  i n  ho l e  M 1  on October 7  was only 4  
l b f  / i n 2 .  
The second problem was a  sma l l  (essen-  
t i a l l y  unmeasurable) ga s  flow which 
caused r educ t i ons  i n  t h e  measured forma- 
t i o n  pressures .  This  was co r r ec t ed  on 
November 12, 1982 (day 341) by s h u t t i n g  
i n  and packing o f f  t h e  h o l e s  t o  p revent  
f u r t h e r  gas  flow. No p re s su re  change was 
observed i n  h o l e  M 1 ,  but  t h e  p r e s su re  i n  
h o l e  M2 i nc r ea sed  by 13 l b f / i n 2  and a  3  
l b f / i n 2  i n c r e a s e  was s e e n  i n  h o l e  M3. 
Although i t  is  impossible  t o  determine 
t h e  e x a c t  magnitude of t h e s e  e r r o r s  i n  
t h e  p r e s su re  measurements, i t  appears  
t h a t  t h e  t o t a l  e r r o r  from both  causes  was 
small i n  ho l e s  M1 and M3; i t  was a t  most 
l e s s  t han  5 l b f / i n 2  and may have averaged 
l e s s  s i n c e  t h e  two causes  had o p p o s i t e  
e f f e c t s ,  which t o  some e x t e n t  tended t o  
c a n c e l  out .  Also,  because t h e  p r e s su re s  
measured i n  December 1981 were determined 
from a wate r  column which was f a l l i n g  
r a p i d l y  t o  equa l i ze  t h e  wel lbore  and 
format ion  p re s su re s ,  t h e r e  was probably 
no g a s  flow and no s e a l i n g  o f f  of t h e  
t u b i n g  a t  t h e  t ime,  s o  t h e  e a r l y  p r e s su re  
read ings  a r e  probably accu ra t e .  None of 
t h e  p r e s su re  d a t a  s i n c e  November 1982 
have been a f f e c t e d  by t h e s e  problems. 
The most d i f f i c u l t  d a t a  t o  i n t e r p r e t  
a r e  t h o s e  from ho l e  M2 du r ing  t h e  pe r iod  
October 7  t o  November 11, 1982 (days 305 
t o  340). A f t e r  t h e  s enso r  was r a i s e d ,  
t h e  p r e s su re  dropped d r a s t i c a l l y  (by 16 
l b f / i n 2 ) .  The p re s su re s  were maintained 
i n  t h i s  range u n t i l  t h e  h o l e  was s h u t  in .  
When t h e  h o l e  w a s  s h u t  i n ,  t h e  p r e s s u r e  
immediately i nc r ea sed ,  appa ren t l y  back t o  
i t s  i n i t i a l  range of October. It i s  
tempting t o  assume t h a t  t h e  p r e s su re s  
d u r i n g  t h a t  per iod  a r e  anomalous and t h a t  
bo th  t h e  e a r l i e r  ( b e f o r e  October 7) and 
l a t e r  ( a f t e r  November 11) p r e s s u r e s  a r e  
c o r r e c t .  However, i t  i s  more l i k e l y  t h a t  
t h e  p r e s s u r e s  recorded i n  ho l e s  M 1  and M2 
from May through October 1982 were i n  e r -  
r o r  due t o  two oppos i t e  e f f e c t s .  The 
r a i s i n g  of t h e  s e n s o r s  i n  October e l imin-  
a t e d  t h e  source  of an a r t i f i c a l l y  h igh  
p re s su re  r ead ing ,  and t h e  subsequent  s h u t  
i n  of t h e  w e l l s  e l im ina t ed  a  sou rce  of 
r educ t i on  of t h e  recorded pressures .  
This  means t h a t  most of t h e  d a t a  from 
ho l e  M2 from May t o  November 12, 1982, 
a r e  i n  e r r o r  by some unknown amount, and 
t h a t  s i m i l a r ,  but  f o r t u n a t e l y  s m a l l e r ,  
e r r o r s  a r e  p r e sen t  i n  t h e  d a t a  from h o l e s  
M 1  and M3 du r ing  t h e  same period. Analy- 
s is  of t r e n d s  i n  t h e  p r e s s u r e  d e c l i n e  be- 
f o r e  November 1982 i s  probably r i s k y ,  a l -  
though t h e  t r e n d  of h igh  i n i t i a l  p r e s s u r e  
changes,  w i t h  a  g radua l  r educ t i on  of t h e  
r a t e  of change, appears  t o  be r e a l .  
ISOTHERM CURVE 
An a d d i t i o n a l  u s e  can be made of t h e  
gas  con t en t  and p r e s s u r e  d a t a  of t a b l e  2. 
P l o t t i n g  t h e  p r e s s u r e s  versus  t h e  gas  
con t en t  va lue s  c r e a t e s  a  graph which i s  
t h e  equ iva l en t  of an i so therm curve. 
This  has  been done i n  f i g u r e  8. I n  t h i s  
c a se ,  t h e  curve  i s  based upon 10 d a t a  
po in t s :  1 each f o r  t h e  3  monitor  ho l e s ;  
6  c l o s e l y  spaced p o i n t s  r e p r e s e n t i n g  i n i -  
t i a l  o r  v i r g i n  coalbed c o n d i t i o n s ,  ob- 
t a i n e d  from produc t ion  w e l l  d a t a ;  and a  0  
gas  con t en t  po in t  a t  1  atm, o r  0  gauge 
pressure .  A power curve r e g r e s s i o n  was 
run  t o  o b t a i n  t h e  r e l a t i o n s h i p  shown i n  
f i g u r e  8  between gas  conten t  and pres-  
sure .  The curve  t h u s  ob ta ined  averages  
t h e  p r o p e r t i e s  of a  l a r g e  volume of c o a l ,  
e s s e n t i a l l y  r e p r e s e n t i n g  t h e  no r the rn  
p o r t i o n  of t h e  Oak Grove p a t t e r n ,  and be- 
cause i t  i s  from i n  s i t u  d a t a ,  i t  i n  e f -  
f e c t  averages  over  such f a c t o r s  as coa l -  
bed mois ture  and d i f f e r e n c e s  i n  rank and 
v o l a t i l e  ma t t e r  which can a f f e c t  t h e  
a b i l i t y  of t h e  c o a l  t o  adsorb  gas .  
The fo l lowing  assumptions have been 
made i n  developing t h i s  pseudo-isotherm 
curve.  F i r s t ,  i t  has  been assumed t h a t  
t h e  i n i t i a l  fo rmat ion  p re s su re s  and ad- 
sorbed gas  con t en t s  ob ta ined  from t h e  
FORMATION PRESSURE ( P), I bf /in2(ga) 
FIGURE 8. - Isotherm curve der ived from f ie ld  gas content and pressure data. 
p r o d u c t i o n  w e l l s  a r e  i n  e q u i l i b r i u m  as 
s p e c i f i e d  by t h e  i s o t h e r m  f o r  t h e  coa l -  
bed. It is  p o s s i b l e  t h a t  i n  t h e  coa lbed  
t h e  i n i t i a l  f l u i d  p r e s s u r e s  measured a r e  
h i g h e r  t h a n  r e q u i r e d  t o  adsorb  t h e  g a s  
a c t u a l l y  p resen t .  I f  t h i s  i s  t h e  c a s e ,  
t h e n  t h e  curve  g i v e s  a p e s s i m i s t i c  e s t i -  
mate of t h e  a b i l i t y  of t h e  coa lbed  t o  ad- 
s o r b  g a s  a t  h i g h  p ressure .  The curve  
need n o t  n e c e s s a r i l y  be i n a c c u r a t e  f o r  
t h e  low-pressure range,  however. It h a s  
a l s o  been assumed t h a t  t h e  gas  c o n t e n t  
and p r e s s u r e  r e a d i n g s  a r e  c u r r e n t l y  i n  
e q u i l i b r i u m .  However, f o r  f r e e  g a s  t o  be 
p r e s e n t  and f o r  g a s  t o  f low,  t h e  sys tem 
must be  s l i g h t l y  o u t  of e q u i l i b r i u m .  The 
e f f e c t  shou ld  be small and shou ld  n o t  
s i g n i f i c a n t l y  a f f e c t  gas  c o n t e n t  measure- 
ments made from p r e s s u r e  d a t a  ( t a b l e  4) .  
Second, i t  has  been assumed t h a t  t h e  
p r e s s u r e s  i n  t h e  moni tor  h o l e s  i n  e a r l y  
December 1981 were t h e  same as t h o s e  
p r e s e n t  i n  t h e  h o l e s  i n  mid-November 1981 
when t h e  h o l e s  were cored.  The r a t e s  of 
change of p r e s s u r e s  i n  December were s u f -  
f i c i e n t l y  low, about  2 t o  5  l b f / i n 2  p e r  
month, t h a t  t h e  e r r o r s  h e r e  a r e  small. 
F i n a l l y ,  t h e  v a r i a b i l i t y  i n  measure- 
ments u s i n g  t h e  d i r e c t  method and i n  t h e  
gas  c o n t e n t  of t h e  coa lbed  must be con- 
s i d e r e d .  The 1977 g a s  c o n t e n t  d a t a  from 
t h e  p r o d u c t i o n  w e l l s  have been used t o  
g i v e  a n  e s t i m a t e  of t h e  95-pct (two- 
s t andard-dev ia t ion)  conf idence  l i m i t  of 
d i r e c t  method gas  c o n t e n t  measurements 
made i n  t h e  Oak Grove a r e a .  T h i s  v a l u e  
i s  t h e  gas  c o n t e n t  v a l u e  51.55 cm3/g. 
T h i s  conf idence  i n t e r v a l  a p p l i e s  on ly  t o  
d i r e c t  method measurements made from t h e  
Lower Bench of t h e  Mary Lee Coalbed i n  
t h e  Oak Grove a r e a ,  s i n c e  i t  i n c l u d e s  
l o c a l  v a r i a t i o n s  i n  t h e  gas  c o n t e n t  of 
t h e  coa lbed  whose magnitudes a r e  unknown 
and cannot  be independen t ly  e s t i m a t e d  
from t h e  a v a i l a b l e  informat ion.  Addi- 
t i o n a l  d a t a  p o i n t s  would h e l p  reduce t h e  
s i z e  of t h i s  conf idence  i n t e r v a l ,  a s  
would improvements i n  t h e  accuracy  of t h e  
d i r e c t  method. Some methods t h a t  have 
been sugges ted  by o t h e r  r e s e a r c h e r s  f o r  
improving t h e  d i r e c t  method a r e  d e s c r i b e d  
i n  r e f e r e n c e  11. The u s e  of a d d i t i o n a l  
d a t a  p o i n t s  i s ,  of course ,  expens ive  
s i n c e  i t  is  necessa ry  t o  d r i l l  o r  c o r e  a 
h o l e  and make a fo rmat ion  p r e s s u r e  d e t e r -  
m i n a t i o n  t o  o b t a i n  e a c h  p o i n t ,  a  p r o c e s s  
which c a n  c o s t  $30,000 p e r  p o i n t .  
The m a t e r i a l  ba lance  computat ion made 
e a r l i e r  i n  t h i s  r e p o r t  i n  which t h e  t o t a l  
desorbed  g a s  volume through October  1981 
w a s  e s t i m a t e d  t o  be 980 MMstdft3, com- 
pared  t o  a n  a c t u a l  1,110 MMstdft3, i n d i -  
c a t e s  t h a t  t h e  i s o t h e r m  c u r v e  of f i g u r e  8 
i s  reasonab ly  a c c u r a t e  ( w i t h i n  12 p c t ) ,  
d e s p i t e  t h e  l i m i t e d  d a t a  from which i t  i s  
d e r i v e d .  
The pseudo-isotherm c u r v e  was used t o  
e s t i m a t e  t h e  r a t e  of g a s  d e s o r p t i o n  i n  
A p r i l  1983 from w i t h i n  t h e  a r e a  of d r a i n -  
a g e  shown i n  f i g u r e  6;  t h i s  i n c l u d e s  t h e  
shaded a r e a  w i t h i n  500 f t  of t h e  o u t s i d e  
o f  t h e  p a t t e r n  boundary and t h e  p a t t e r n  
a r e a .  A t  t h a t  t ime t h e  r a t e  of p r e s s u r e  
d e c l i n e  was abou t  1 l b f / i n 2  p e r  month 
w i t h i n  t h e  p a t t e r n  (1.2 l b f / i n 2  p e r  month 
i n  h o l e  M1 and 0.9 l b f / i n 2  p e r  month i n  
h o l e  M2) and 1.8 l b f / i n 2  p e r  month i n  
h o l e  M 3 .  The p r e s s u r e s  i n  h o l e s  M1 and 
M2 were 108 and 76 l b f  / i n 2  ( g a )  , respec-  
t i v e l y ,  and t h e  p r e s s u r e  i n  h o l e  M3 was 
214 ~ b f / i n ~ ( ~ a ) .  The average  p r e s s u r e  
i n s i d e  t h e  p a t t e r n  was assumed t o  be 92 
~ b f / i n ~ ( ~ a ) ,  t h e  mean of t h e  p r e s s u r e s  i n  
h o l e s  M1 and M2. The a v e r a g e  p r e s s u r e  
used f o r  t h e  shaded a r e a  of f i g u r e  6 was 
t h e  mean of t h e  p r e s s u r e  i n  h o l e  M3 and 
t h e  92 l b ~ / i n Z ( ~ a )  v a l u e ,  o r  153 
l b f  / i n 2  (ga )  . The c a l c u l a t e d  changes i n  
gas  c o n t e n t s  f o r  t h e  two a r e a s  p e r  month 
were 1.3 and 2.0 f t 3 / s t .  The p a t t e r n  
a r e a  has  been assumed t o  c o n t a i n  3.4 x 
lo6 s t  of c o a l  and t h e  shaded a r e a  2.0 x 
lo6 s t  of c o a l .  Using t h e s e  f i g u r e s ,  t h e  
3,875- by 3 ,875-f t  p a t t e r n  a r e a  shou ld  
have produced 4.4 MMstdft3 of g a s ,  and 
t h e  shaded a r e a  w i t h i n  500 f t  of  t h e  p a t -  
t e r n  boundary shou ld  have produced 4.0 
MMstdft3, o r  a t o t a l  of 8.4 ~ ~ s t d f t ' .  
The a c t u a l  gas  p r o d u c t i o n  from t h e  p a t -  
t e r n  w e l l s  i n  A p r i l  1983 w a s  32.8 
~ ~ s t d f t ~ .  T h i s  l a r g e  d i s p a r i t y  i n d i c a t e s  
t h a t ,  a t  t h e  p r e s e n t  t ime ,  most of t h e  
gas  b e i n g  produced by t h e  Oak Grove p a t -  
t e r n  i s  m i g r a t i n g  t o  t h e  w e l l s  from f a r  
o u t s i d e  t h e  p a t t e r n  boundar ies ,  a l t h o u g h  
i t  appears  t h a t  b e f o r e  1981 most of t h e  
gas  produced had come from w i t h i n  t h e  
p a t t e r n .  
CONCLUSIONS 
The c o r e  d a t a  from t h e  Oak Grove pa t -  
t e r n  show t h a t  t h e  i n i t i a l  4 y e a r s  of de- 
g a s i f i c a t i o n  (1978-81) caused a r e d u c t i o n  
o f  approx imate ly  50 p c t  i n  t h e  adsorbed  
g a s  c o n t e n t  of t h e  coalbed w i t h i n  t h e  
p a t t e r n  a r e a  and a r e d u c t i o n  of approx i -  
mate ly  25 t o  30 p c t  a t  a d i s t a n c e  of 500 
f t  from t h e  o u t s i d e  boundary of t h e  
p a t t e r n .  
Simple c a l c u l a t i o n s  u s i n g  c o r e  and 
p r e s s u r e  d a t a  i n d i c a t e  t h a t ,  through 
1981, most of t h e  g a s  produced from t h e  
p a t t e r n ,  perhaps  70 t o  90 p c t ,  had come 
from w i t h i n  t h e  a r e a  of t h e  p a t t e r n  i t -  
s e l f .  However, c a l c u l a t i o n s  u s i n g  a 
d e r i v e d  i s o t h e r m l i k e  c u r v e  i n d i c a t e  t h a t  
s i n c e  1981 most of t h e  g a s  produced 
i s  m i g r a t i n g  from a r e a s  o u t s i d e  t h e  
p a t t e r n .  
The p r o j e c t  d a t a  demons t ra te  t h a t  t h e  
adsorbed g a s  c o n t e n t  of t h e  coa lbed  h a s  
decreased  as t h e  f o r m a t i o n  p r e s s u r e  de- 
c reased .  An i s o t h e r m l i k e  curve  w a s  de- 
veloped from d e s o r p t i o n  d a t a  t o  a l l o w  
computat ion of t h e  adsorbed gas  c o n t e n t  
g i v e n  t h e  fo rmat ion  p ressure .  T h i s  
curve ,  a l t h o u g h  developed from l i m i t e d  
d a t a ,  a p p e a r s  t o  a g r e e  w i t h  t h e  observed  
gas  p r o d u c t i o n  d a t a .  
D i f f i c u l t i e s  exper ienced  i n  measur ing 
f o r m a t i o n  p r e s s u r e s  i n  t h e  moni to r  h o l e s  
i n d i c a t e  t h a t ,  once d e s o r p t i o n  h a s  begun 
t o  t a k e  p l a c e  and f r e e  g a s  becomes p res -  
e n t  i n  t h e  coa lbed ,  w a t e r  l e v e l  measure- 
ments a l o n e  cannot  be  r e l i e d  upon t o  g i v e  
a c c u r a t e  f o r m a t i o n  p r e s s u r e  r e a d i n g s  i n  
coalbeds .  It i s  necessa ry  t o  s h u t  i n  
moni tor  h o l e s  t o  p r e v e n t  t h e  f low of f r e e  
g a s  from r e d u c i n g  a p p a r e n t  p r e s s u r e  read- f o r m a t i o n  d e c l i n e s  and t h e  p r o p o r t i o n  
i n g s  below t h e  t r u e  va lues .  The d a t a  of f r e e  g a s  i n  t h e  f r a c t u r e  sys tem i n -  
f rom Oak Grove s u g g e s t  t h a t ,  a s  one might c r e a s e s ,  t h e  e f f e c t  becomes more 
e x p e c t ,  a s  t h e  a b s o l u t e  p r e s s u r e  i n  t h e  s i g n i f i c a n t .  
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